Sugary-Brawn2 tsu-Bn2) corn endosperm contains higher concentrations of watersoluble polysaccharides than dent corn. 
Introduction
Sugary-Brawn2 is an allele at the Sugary locus of maize ( Zea mays, L.). Dry kernels average 21% water-soluble polysaccharides by weight, compared with 4% in normal dent corn (Brink, 1984) .
Sugary-Brawn2 corn has been used as an additive supplying available carbohydrate for ensiling alfalfa (Woodford, 1987 1.
Increasing ruminal availability of carbohydrates may increase microbial growth (Nocek and Russell, 1988) , particularly in diets containing high degradable protein (Stokes et al., 1991) . Alfalfa silage is high in ruminally degradable protein (Satter, 1986) . Researchers (Stern et al., 1978; Spicer et al., 1986) have observed increased microbial growth and protein synthesis in response to increasing ruminally availa-J. h i m . Sci. 1994. 72:220-228 ble carbohydrate, but yields of milk or protein (MacGregor et al., 1983; DePeters and Taylor, 1985; Casper and Schingoethe, 1989) have not been consistently increased.
The objective of our study was to evaluate the effects of su-Bn2 corn on digestion and milk production in cows fed alfalfa silage-based diets. Grain from a su-Bn2 hybrid was compared with grain from a genetically related dent hybrid. This evaluation was unique in that differences in ruminal availability were based on a genetic mutation within a species, rather than on a comparison of grain species or processing methods.
Materials and Methods
Two types of corn grain with differing endosperm characteristics were produced during the summer of 1990: sugary-Brawn2 and dent. The primary genetic stock used was hybrid [(A632XCM 105) 195AIsu-Bn2, which is a threeway hybrid expressing the recessive su-Bn2 trait. The su-Bn2 grain was produced on hybrid [(A632XCM105)195A]su-Bn2 in an isolation block by O'Brien's Seed (Brooklyn, WI). Isolation was to ensure that the only pollen available to the silks of the su-Bn2 hybrid was that carrying the recessive suBn2 allele to produce su-Bn2 endosperm.
To produce the dent grain, the same hybrid, [(A632XCM105)195Alsu-Bn2, was planted in six-row strips. Two rows of mixed dent hybrids were planted between every six rows of the su-Bn2 hybrid. A mixture of three dent hybrids of differing maturities was planted in the pollinator rows to ensure pollen shed over a long period of time. The su-Bn2 rows were hand-detasseled before pollen shed. Thus, the only type of pollen available to the silks of the su-Bn2 hybrid was that from dent genotypes, carrying the dominant allele for starchy (dent) endosperm. This procedure resulted in grain with dent endosperm on the same maternal hybrid as the self-pollinated suBn2 grain.
The su-Bn2 isolation block was mechanically harvested at maturity by O'Brien's Seed and dried in a wagon drier for 3 d; resultant DM was 94%. The dent grain was also harvested at maturity, by first mowing down the pollinator rows and then mechanically harvesting the su-Bn2 hybrid plants. Dent grain was dried in a forced-air seed drier for approximately 2 wk; resultant DM was 97%. Both grains were ground to pass a .64-cm hammer mill screen and then stored in separate bins.
Eight multiparous Holstein cows averaging 48 (f 16) d in milk and 667 ( f 50) kg BW at trial initiation were in two concurrently conducted 4 x 4 Latin squares with 28-d periods. The first 14 d of each experimental period were for diet adaptation; sampling was during d 15 to 28 of each period. Cows in Square 1 had previously been ruminally cannulated. The cannulation protocol was as described by Sievert and Shaver (1993) . Treatments were arranged as a 2 x 2 factorial with type of corn endosperm (su-Bn2 or dent) and level of forage in ration DM (60% [high] or 45% [low] first-cut alfalfa silage) as main effects. The alfalfa silage contained 53.4% DM and 23.8, 36.2, and 32.2% (DM basis) CP, NDF, and ADF, respectively.
The four diets (Table 1) were fed as total mixed rations twice daily at 0630 and 1830. Two protein supplements were formulated, one for high-forage and one for low-forage diets, to balance diets to 19% CP with 35% of CP as undegraded intake protein (calculated from NRC [19891) and to meet or exceed NRC mineral and vitamin requirements.
Feed refusals were weighed each morning for each cow and feed offered was adjusted daily to allow 5 to 10% feed refusal. The amount of feed offered and the amount of feed refused by each cow were recorded daily. 01% samples were collected for each cow on d 24 to 26 of each period. 01% samples were dried for 48 h in a 60°C forced-air oven. These samples were composited by cow within period then ground to pass a FED TO DAIRY COWS 22 1 Cows were milked twice daily a t 0600 and 1800 and yield was recorded. Milk weights recorded during d 14 to 28 of each period were used for data analysis. Milk samples taken on weekdays of the last 2 wk of each period at both the morning and evening milkings were analyzed for fat and protein by infrared analysis (Wisconsin DHI Laboratory, Appleton). Daily milk composition was calculated as an average of morning and evening samples using the proportion of daily production at each milking as a weighting factor. Cows were weighed at 0900 on three consecutive days at the beginning of the trial and on three consecutive days at the end of each period. Alfalfa silage was sampled weekly for determination of DM content by toluene distillation (Dewar and McDonald, 19611 , and diet formulations were adjusted accordingly. Ration ingredients were sampled on d 15, 16, 22, and 23 of each period by taking representative samples of alfalfa silage, su-Bn2 and dent corn, and protein supplements. Feed samples were dried for 48 h in a 60°C forced-air oven, composited by period, and then ground to pass a 1-mm Wiley mill screen. All feed and ort samples were analyzed for DM, OM, and CP (AOAC, 1990) . Feed and ort samples were analyzed for NDF and ADF using the nonsequential procedures of Mertens (1991a) . The NDF procedure included using 100 pL of amylase (24,100 units/mL) and .5 g of sodium sulfite for all samples. Both protein supplements were extracted three times with acetone before NDF and ADF analysis using 1.0 g of sodium sulfite because meat and bone meal was included in the formulation (Mertens, 1991b) . Feed and ort samples were analyzed for starch and free glucose using an endoamylase and exoglucosidase incubation before glucose oxidase assay (Herrera-Saldana et al., 1990) . However, a different glucose oxidase assay that has a stable end point (Sigma Kit 510-A, Sigma Chemical, St. Louis, MO) was used. Samples were held at room temperature (24°C) for approximately 45 min before reading a t 450 nm on a plate reader (EIA Autoreader EL310, Bio-TEK Instruments, Burlington, VT). Duplicates of both pure cornstarch and blank samples were included at the initial enzymatic steps of the assay. Accuracy of the starch analysis was checked using the pure starch sample, which should have a starch and free glucose value between 95 and 105%.
Apparent total tract digestibilities of DM, CP, ADF, and starch were determined for cows in both squares using La as an external marker. forced-air oven for 72 h and then ground to pass a 2-mm Wiley mill screen. These samples were composited by cow within period and then reground to pass a l-mm Wiley mill screen. Concentrations of La in fecal composites were determined after wet ashing using nitric acid digestion for analysis by direct current plasma emission spectroscopy (Combs and Satter, 1992) . Fecal composites were also analyzed for DM, OM, CP, ADF, and starch as previously described, except that filter mats were used for fiber analysis.
Ruminal fluid was sampled from cows in Square 1 on d 22 of each period immediately before the morning feeding and at 2, 4, 6, and 8 h after feeding. Samples were obtained via the ruminal cannula by passing a hand-capped plastic jar through the fiber mat and collecting fluid from the ventral rumen. Samples were strained through two layers of cheesecloth for immediate pH determination (Corning pH/Ion Meter 150; Corning Science Products, Corning, NY). Samples taken 6 h after feeding were preserved for subsequent VFA and ammonia analysis. A 50-mL aliquot was acidified with 1 mL of 50% HzS04 for VFA analysis. A second 50-mL aliquot was acidified with 1 mL of 50% trichloroacetic acid solution for ammonia analysis. Both VFA and ammonia samples were frozen immediately at -20°C and were kept frozen until the samples were analyzed. Samples for VFA analysis were thawed and prepared according to Supelco Bulletin 749B, Separation of VFA C2-C5 (Supelco, Bellefonte, PA), except that .025 M 2-ethyl butyrate in concentrated ET AL.
formic acid was used instead of metaphosphoric acid. Volatile fatty acid concentrations were determined using GLC (Varian 2100, Sunnyvale, CA) with GP 10% SP-1200/1% H3PO4 on 80/100 Chromasorb W AW column packing (Supelco) and corrected for recovery of the internal standard (2-ethyl butyrate). Samples stored for NH3 determination were analyzed by a modification of the method of Chaney and Marbach (1962) as described by Sievert and Shaver (1993) .
In situ evaluation of su-Bn2 and dent corn and early-bloom alfalfa hay (20% CP; 35% NDF) was conducted using the ruminally cannulated cows in Square 1. Dacron bags (19 cm x 9.5 cm and 52-pm pore size) prepared as described by Shaver et al. (1986) were filled with 6 g (as-fed) samples of test feeds ground t o pass a 2-mm Wiley mill screen. Bags were prepared in duplicate for each feed at each time point. The type of corn used in the Dacron bag incubation for each cow corresponded to the type of corn being fed to that cow during that period. Bags containing alfalfa hay were also incubated within each cow. Dacron bags containing corn samples were incubated ruminally for 2, 4, 6, 8, 12, 24, 48 , and 72 h. Dacron bags containing alfalfa hay were prepared for the same time points, except the 6-h bags were excluded from the incubation. Immediately before being placed in the rumen, bags were soaked in tepid tap water for 30 min. Bags were placed in a mesh net secured to the ruminal cannula and were introduced into the rumen in reverse order starting on d 24 of each period. All bags were removed at 0700 on d 27 of each period and were washed twice in cold tap water in a commercial washer (Cherney et al., 1990) . Zerohour bags were prepared for each feed type during each period in triplicate and were also immersed in tepid tap water for 30 min before washing. Duplicate empty bags were incubated in each cow to estimate influx of DM into the bags. Bags and residue were then reweighed after drying for 72 h in a 60°C forcedair oven. Rate and extent of DM disappearance were estimated using the NLIN@ procedure of SAS (1985) as described by Sievert and Shaver (1993) . The rapidly disappearing fraction ( A 1 was estimated as the disappearance from the O-h bag, the undegraded fraction ( C ) as the residue remaining at 72 h, and the slowly disappearing fraction ( B ) as 100 -(A + C ) .
Measurements of NDF were on alfalfa hay residue remaining in 0-, 12-, 24-, and 72-h bags using the procedure of Mertens (1991a) . Measurements of CP (AOAC, 1990) were on alfalfa hay residue remaining in 0-, 12-, and 24-h bags and on corn residue remaining in 0-, 6-, 12-, and 24-h bags. Starch analysis was on corn residue remaining in 0-, 6-, 12-, and 24-h bags as previously described. Crude protein, NDF, and starch disappearance from in situ bags were estimated as the percentage remaining at these time points and analyzed using the GLM procedure of SAS (1985) .
Ruminal fluid pH, VFA, and ammonia, and in situ degradation data were analyzed as a 4 x 4 Latin square using the GLM procedure of SAS (1985); cow, period, forage level, corn type, and forage level x corn type interaction were the effects in the model. All terms were tested using the residual mean square error. Hour, hour x diet, and hour x diet interaction terms were added to the model for ruminal pH and in situ measurements. Milk production, DM intake, and apparent total tract digestibility data were analyzed as a replicated 4 x 4 Latin square using the GLM procedure of SAS (1985); square, cow nested within square, period, forage level, corn type, and forage level x corn type interaction were the effects in the model. All terms were tested using the residual mean square error. Significance of main effects and interactions were designated when P < .05. Cow 3375, of Square 1, went off feed during the adaptation phase of Period 1. This cow was assigned to the low-forage, dent corn diet and seemed to be especially sensitive to low-forage diets because this cow also went off feed during Period 4 when it was assigned to the low-forage, su-Bn2 diet. This cow was, however, brought up on feed gradually during Period 4 and never went completely off feed. During the sampling phase (wk 3 and 4 ) of Periods 1 and 4, DM intake and milk yield of cow 3375 were high and stable. Therefore, intake and production data were included in the statistical analysis. Unfortunately, because of the uncertainty of whether cow 3375 could continue on the trial, Dacron bags were not prepared for cow 3375 during Period 1. Statistical analysis of ruminal fluid, in situ degradation, and total tract digestion data excluded data from Period 1 for cow 3375.
Results and Discussion
Ingredient and nutrient composition of experimental diets are presented in Table 1 Figure 1 . Ruminal pH averaged over the 8-h sampling period were HFSU 6.39, LFSU 6.16, HFDT 6.45, and LFDT 6.30 and were not significantly different ( P > .lo). There were hour x forage level and hour x forage level x corn type interactions ( P < .05). Ruminal pH was higher ( P < . 0 5 ) for cows consuming high-forage diets at all time points except 2 h after feeding. Ruminal pH was affected by corn type ( P < .05) only at 4 h after feeding, although there was a consistent trend over time for su-Bn2 corn to lower ruminal pH relative to dent corn. It is also noteworthy that the LFSU diet was 5 pH 6.2 for all time points except 2 h after feeding. Cellulolytic activity of ruminal microbes was inhibited below pH 6.2 (Grant and Mertens, 1992) . The LFSU diet was also associated with the greatest reduction of ruminal forage digestion and, as noted previously, the lowest milkfat test.
Ruminal ammonia and VFA at 6 h after feeding are presented in Table 3 . Ammonia levels did not differ ( P > .lo) among diets, although there was a trend toward higher levels for su-Bn2 corn (18.4 vs 16.5 mg/dL). Figure 1 . Effect of forage level and corn type on postfeeding ruminal pH. HFSU = high-forage, SugaryBrawn2 corn diet; LFSU = low-forage, Sugary-Brawn2 corn diet; HFDT = high-forage, dent corn diet; LFDT = low-forage, dent corn diet. SEM = .05.
Total VFA concentrations were greater ( P < .01) for cows consumingsu-Bn2 corn (117.0 vs 111.0 mM) and LF diets (116.9 vs 111.1 d). Ruminal acetate molar percentage was lower ( P < .05 and P < .01, respectively) for su-Bn2 corn (64.1 vs 66.2 mol/100 mol) and LF diets (63.7 vs 66.7 mo1/100 mol). This decrease in acetate molar percentage observed for su-Bn2 corn and LF diets corresponded with the observed milkfat decrease. Ruminal propionate molar percentage was not affected ( P > .lo) by corn type but was higher ( P < .05) for LF diets (20.4 vs 18.2 mol/100 mol). Ruminal butyrate, isobutyrate, isovalerate, and valerate molar percentages were not affected by treatment.
Increased ruminally degradable starch has frequently been associated with increased concentration of total VFA, decreased pH and molar percentage of acetate, and increased molar percentage of propionate (Kaufmann, 1976; Stewart, 1977; Chamberlain et al., 1985) . Fewer data are available on the effect of increasing the ruminal degradability of NSC on fermentation traits. DePeters and Taylor (1985) It is interesting to note the similarity between ruminal VFA patterns for the HFSU and LFDT diets, which seems to suggest that substitution of su-Bn2 for dent corn had about the same effect as increasing the amount of dent corn in the diet. Interpretation of W A and ammonia data should be done cautiously because these data are from a single time point ( 6 h ) and fluctuations in rumen traits can occur with time postfeeding. It is generally assumed that ruminal ammonia decreases with increased microbial growth and protein synthesis (Nocek and Russell, 1988 and dent corn are presented in Table 4 . The rapidly degraded DM fraction of su-Bn2 corn (30.1%) was larger ( P < . O l > than that of dent corn (14.3%). Rate of DM degradation was faster ( P < . O l ) for su-Bn2 corn ( . l o h-l) than for dent corn (.065 h-l).
Ruminally available DM was higher ( P < .01) for suBn2 corn (65.4 vs 51.6%).
Previous studies have evaluated ruminal DM degradation of various grains. Nocek ( 19 8 7 ) compared ruminal in situ degradation of ground, dry shell corn Table 5 . Differences in CP solubility of the two corn types were numerically small but statistically significant ( P < .05). Percentage of CP remaining at 0 h was 66.9% for su-Bn2 corn and 68.8% for dent corn. Differences in percentages of CP remaining at 6, 12, and 24 h were dearadation constants of and dent corn and -alfalfa haya Amount of CP ruminally degraded at 24 h was greater ( P < .01) for su-Bn2 grain (10.5 vs 20.6% remaining).
The rapidly degraded portion of starch and free sugars was greater ( P < .01) for the su-Bn2 corn, which had less starch remaining at 0 h (42.5%) than the dent grain (66.2%). Sugury-Brawn2 corn also had less ( P < . 0 1 ) starch remaining a t 6 h (2 7.2 %) and 12 h (11.6%) than dent corn (50.1 and 30.1%, respectively). The percentage of starch remaining at 24 h was lower ( P < .OS) for the su-Bn2 corn (2.1 vs 9.0%).
Rates of starch degradation were faster than rates of CP degradation for both su-Bn2 corn (.17 vs .ll h-l) and dent corn (.lo vs .08 h-l), and the relative difference was greater for su-Bn2 corn than for dent corn. Rate of starch degradation for su-Bn2 corn was similar to the value reported by Herrera-Saldana et al.
( 1990) for barley. Differences between su-Bn2 and dent corn in calculated ruminally available starch assuming a rate of passage of .08 h-l (85.1 vs 69.3%) were greater than those reported by Spicer et al. (1986) for barley vs corn. Rate of CP degradation reported for barley by Herrera-Saldana et al. (1990) was similar to the rate of CP degradation for su-Bn2
corn.
In situ digestion constants for alfalfa hay DM are presented in Table 4 . The rapidly and slowly degraded DM fractions of alfalfa hay were unaffected by treatment. Rate of alfalfa hay DM disappearance was slower ( P < .05) for su-Bn2 (.095 h-l) than for dent corn diets (.13 h-l Fiber digestion has been decreased by increased level of dietary NSC or higher ruminal availability of NSC (Stewart, 1977; Stern et al., 1978; Grant and Mertens, 1992) . Decreased ruminal pH, which occurs as a result of increased fermentation, has been shown to inhibit cellulolytic activity of ruminal microbes (Stewart, 1977) . At stable pH (6.8) increasing levels of starch were found t o increase lag time for fiber digestion but did not reduce rate of digestion (Mertens and Loften, 1980) . Increasing levels of starch have been shown to have an independent and multiplicative effect with low ruminal pH on decreasing fiber digestion (Grant and Mertens, 1992) .
Total tract apparent digestibilities are presented in Table 6 . Total tract apparent digestibility of DM was greater for su-Bn2 corn and LF diets ( P < .05).
However, there was no interaction between corn type and forage level ( P > .lo). Total tract apparent digestibility of CP was greater ( P < .01) for cows consuming su-Bn2 corn and LF diets ( P < .05). Total tract apparent digestibility of ADF was not affected ( P > .lo) by treatment. The effect of corn type on total tract apparent starch digestibility was significant ( P < .Ol); the su-Bn2 corn diets had higher digestibility than the dent corn diets (93.5 vs 89.7%).
Increases in total tract digestibility of DM with LF diets have been previously observed as level of dietary NSC increases (Mathers and Miller, 1981) . Correlations have also been noted between higher ruminal digestibility of starch and increased apparent total *HFSU = high-forage, Sugury-Brawn2 corn diet; LFSU = low-forage, Sugary-Brawn2 corn diet; HFDT = high-forage, dent corn diet; LFDT = low-forage, dent corn diet. '*P < .05, **P < .01.
tract digestibility of DM, starch, and CP (Theurer, 1979; Spicer et al., 1986) . Results of our study follow this pattern; su-Bn2 had the greatest ruminal degradation as well as the highest total tract apparent digestion of DM, CP, and starch. Processing corn has also increased both ruminal and total tract digestion of starch (Owens et al., 1986; Theurer, 1986) . In contrast to our findings, researchers have observed decreased total tract apparent digestion of ADF with increasing dietary NSC (DePeters and Taylor, 1985).
Our findings are particularly surprising because suBn2 decreased ruminal pH and forage digestion. The increased degradability of su-Bn2 over dent corn seems to have been sufficiently great to overcome its negative effects on forage digestion, as evidenced by greater total tract DM and starch digestion.
Implications
Ruminal fermentation was increased by SugaryBrawn2 grain, as evidenced by higher total volatile fatty acid concentrations, but the effects of SugaryBrawn2 grain on ruminal pH and forage digestion were negative. These adverse effects may be accentuated if forage and grain are offered separately rather than as a total mixed ration. Therefore, SugaryBrawn2 cannot be recommended as the sole source of grain in rations for lactating dairy cows. However, it may be a good grain source in cases in which milkfat test and forage digestion are not important, such as in beef cattle rations.
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